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Abstract 
Lean Manufacturing is a popular term, which is applied widely and brings a lot of benefits. As a result, there is a large number of companies 
applying lean in manufacturing and achieving success e. This paper presents a process to transform a traditional production model to lean one.  
A case study of applying lean techniques in reengineering an electronics assembly line was done. The suggested process begins from realizing 
current state value stream mapping, drawing future state value stream mapping to establishing implement plan. Reengineering focuses on some 
aspects such as reducing wastes, standardizing works, internal logistics, workplace designing and changing layout. Some positive results have 
been recorded on reducing nearly 40% manpower with the same daily output, saving 30% floor area and reducing average delivery time from 7.5 
days to 3 days. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction  
Due to high labor cost in developed countries, several 
companies have been moved their factories from high to lower 
labor cost market. Inspire of cheaper labor cost in developing 
countries, the nature of electronics products which is short life-
cycle, unpredictable, diversified customers’ needs, and low 
volume demand has been challenged electronics manufactures 
in how to satisfy customers and highest benefits. 
In order to survive in a highly competitive environment and 
maintain the advantages, electronics manufacturers have 
adopted Lean Manufacturing Techniques as the key to their 
success [1]. 
Lean manufacturing techniques is a set of tools and methods 
for eliminating wastes in manufacturing operation. Its benefit 
includes cost reduction, improve output and shorten lead time. 
There are some targets: Defects and wastes, Lead time, 
Inventories, Productivity, Machine and space utilization, 
flexibility, Output and so on [1]. 
An effective tool in reengineering activity is the value stream 
mapping [2]. The first step is to study, observe and provoke the 
current state with the current state map. Then, the future 
requirements on the system should be described with future 
state map. The last one is to build up the action plan in detail. 
The general process is shown on the Fig 1. 
The challenge is how to fill the “gap” between the current 
and the future map. Suitable and effective tools and techniques 
should be applied in order to gain the highest effectiveness. 
The purpose of this paper is to study as well as propose a 
complete plan to bridge this gap, in which lean tools and 
 
Fig 1. General lean implementation process.  
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techniques are arranged in a reasonable, systematical sequence 
and perform all their advantages. 
2. Methodology 
There are some concerned aspects on workspace design, 
operation standardization, line balancing, material flow, layout 
changing, much unnecessary raw material and WIP inventory, 
and mindset changing. Therefore, the process to transform 
current manufacturing model to lean manufacturing one should 
be developed in detail, in which the progress is divided into 
seven steps with specific targets as shown on the Fig 2. The 
sequence is intentionally arranged in order to get the highest 
effectiveness. 
2.1. Basic analysis 
This is the most important step. It helps analyze, quantify the 
current state of production line [3]. 
A team is formed from functions including production 
supervisor, product engineer, process engineer, R&D engineer, 
planning officer, team leader, and lean engineer. Each member 
from different function would give ideas from different points 
of view. This helps to easier to discuss, as well as make 
decision. Some activities should be done as followings: 
• Task analysis 
• Value Stream mapping 
• Draw Spagetti chart 
• Find out wastes and improvement opportunities 
• Consider to change some process steps 
• Brainstorm design concept for modular product 
The results of basic analysis would give an overview picture 
of production line current state, improvement opportunities and 
desired targets.   
2.2. Basic training 
This step plays a core and fundamental role. It helps project 
team understand fully about lean manufacturing concepts and 
stay at the same page. The training focuses on fundamentals of 
lean manufacturing, 5S, 7 types of wastes, one-piece-flow, 
Kanban, continuous improvement and so on, which can 
leverage production staff able to recognize and eliminate 
wastes. 
2.3. Workspace optimization 
Main target of this step is to optimize the workplace, 
standardize tools, as well as remove unnecessary items. 
Operators would be trained about lean awareness and 5S in 
practice [4]. 
Besides, the purpose of this step is to standardize operators’ 
motions (which were defined in Basic Analysis step), reduce 
changeover time, and make line balance based on defined Takt 
time. Activities should be done, which include: 
x Review all workplace: time study, operation task 
x Optimize workplace for the most convenience 
x Eliminate waste: unnecessary motions, tools, 
transportation 
x Standardize process 
x Balance line according to takt time 
 
2.4. Internal logistic design 
This step will design an effective deliver-receive material 
system between warehouse and production.  
It means to guarantee the ability of supplying material in the 
right quantity, right quality, right place, right receiver and right 
time. As a result, operators perform only value added tasks, and 
logistic operator would do all supplying, replenishing. The 
waiting time would be reduced by the separation between value 
added tasks and logistics activity. There could be one or more 
logistic loops in production line. A loop should define the 
following items: 
x Where does material come from? (source) 
x Where is material delivered to? (destination) 
x How is material transported? (means) 
x Who will do the logistics task and how often? 
x How is a material shortage recognized?  
The outcomes of this step should be a kanban system, 
logistics route, and design of containers and trolleys.   
2.5. Cardboard engineering 
In this step, a workplace mock-up will be made by carton 
with 1:1 scale. This is a cheap method to simulate the design of 
workplace. The table construction is easily changed before 
reaching the best result. The target is to create a workplace 
which are able to support one-piece flow concept, ergonomics 
work, flexible for production expansion, no waste of space and 
leverage the logistics concept. 
One of ways to evaluate the effectiveness is to invite 
operators to perform the tasks on the mock-up table. Their 
feelings and feedbacks are vital input for designing. 
2.6. Layout design 
In this step, a new production layout is created, which is 
more convenience, space saving, support one-piece flow 
concept and suitable for new workplace design and logistic 
 
Fig 2. Suggested process steps 
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system [5]. The following activities should be done as 
followings: 
x Analyze current layout and constraints 
x Select and weight criteria 
x Quantify criteria 
x Create a green field design with no constraint. This 
helps team to unleash ideas. 
x Create more design candidates with actual 
constraints (at least 2) 
x Evaluate candidates based on criteria and choose 
the one with the best score. Or proceed to next 
steps. 
x Try combining advantages of other candidates and 
create a better one. 
x Calculate space saving and cost estimation.  
x Define some potential issues in order to set plan for 
encountering future change. 
2.7. Implement and review 
This step aims to implement the results of above steps and 
evaluate the results. It takes a lot of time because of checking 
effectiveness activities and adjustments. There are some 
indicators being applied: Lead time, number of operators, space 
utilization… 
 
3. Implementation and results 
 The studied production line belongs to a German 
electronics company which is manufacturing sensors supplying 
for automated processes. With specific characteristic of an 
electronics assembling manufacturing, this factory is facing 
with difficulties in responding to customer demands due to long 
lead time, traditional batch production and short life-circle, 
high mixed- low volume product. The average lead time is 11 
days, caused a lot of waste and problems in planning, and 
management. 
The studied production line has over 80 product codes, 
divided into two main types (Standard and L2). Each product 
is just different from others in some minor details in appearance 
and output signals. In average, 36 raw material types are 
assembled into one final product, and each type of material has 
1 to 4 different codes. There are also 20 sub-products. From 
this complexity, the product modular design was initiated.    
 
3.1. Basic analysis 
A production order would be followed from beginning to the 
end. Value added and nonvalue added time elements were 
summarized as on Fig 3. In addition, the current state value 
stream mapping is illustrated as on Fig 4.  
 
Some improvement actions also were done in this step. Fig 
5 and Fig 6 are two improvement projects. 
 
 
 
 
  
 
Fig 3. Value added time compared to others 
Fig 4. Current state value stream 
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After list out all improvement action needed, the team 
spent a lot of time to discuss about what the production line 
should be (future state). According to forecast from marketing 
department, future demand for next year will be 150,000 
products with the fluctuation ±30%. The proportion of 2 types 
Standard and L2 is 3:7. Takt time is 45sec/ pcs. Lead time to 
respond order is from around 4 to 5 days. 
 
 
New process is also re-designed. Instead of starting from 
beginning to the end, the process is divided into 3 modules. A 
future state value stream is illustrated in Fig 7. 
3.2. Workspace optimization 
After pointing out some issues and improvement actions in 
the production line, the following important step is to balance 
the line. As informed, the takt time is calculated 45 sec/pcs. 
All of processes were considered and evaluated after 
improved. The target is reduce motion/ operations down to 
below takt time. A simple and effective method is to re-arrange 
the working space: define necessary tools and put them in the 
proper place. This helps operators ‘motions to be more stable 
and less variant. Figure 8 is an example of a standard 
workplace. 
  
 
 
 
 
Figure 7: Future state value stream 
 
Fig 6. Filling fixture improvement 
 
Fig 5. Soldering fixture improvement 
Fig 8. Suggested standard workplace 
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3.3. Logistics design  
Internal logistics plays an important role in production 
line. If well designed, it would be an effective tool to reduce 
wastes, searching time, WIP and raw material inventory. 
Internal logistics links closely warehouse and production 
line. Warehouse can supply raw material in the right quantity, 
right place and right time. Production gives signals when it 
needs replenishment. 
All raw materials are list clearly and discussed in detailed 
regarding to following issues: where are raw material stored in 
warehouse? Which position should raw material be transported 
to in line? Who does the transportation? Which container 
should each raw material be stored (box, bin, palette)? 
All WIPs are also discussed on: Which container should 
be? How is WIP transported? Material flow, where to begin, 
stop and end. Figure 9 is the description of trolley which is 
applied to transport WIP. It can contain 300 products, similar 
to quantity of one order.   
3.4. Cardboard engineering 
The method is very simple. In order to save time and cost, 
mock-up sample is made by carton boxes available in factory. 
Basically, working table has dimension of 600x800mm, table 
surface is 870mm. Fig 10 is a description of a typical table 
design and Fig 11 is an applied Table. 
x Raw material shelf: it can be adjust the slope. 
Warehouse operator can replenish material from 
behind. 
x Tool board: for hanging tools 
x Power source 
x Slide bar: it is for returning empty boxes after using     
x Light 
x Soldering iron position 
 
 
 
 
 
 
 
3.5. Layout design 
This is also an important step because layout affects 
dramatically to production performance. A well designed 
layout can help to reduce transportation, easy to control and 
more convenience. The first activity is to define the number of 
table needed, and then define criteria for evaluating new layout. 
In this case, the following criteria are considered:   
x Support material flow with linked working spaces 
x Warehouse easy to replenish raw material and collect
 finished goods. 
x Good visual management 
x Be able to expand in the future 
x Enough space for operator to handle 
x Good space utilization  
A 1:50 scaled drawing of available space and rectangular 
(illustration of tables) was printed. The team arranges these 
rectangular on the drawing. Then, the material flow is draw. Fig 
12 is one of candidate layouts with its material flow, which is 
designed in detail as Fig 13. 
 
 
 
 
 
 
 
 
 
 
Fig 10. Typical table design 
 
Fig 11. Working table evolution 
Fig 9. Design of transportation trolley 
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3.6. Implement and review 
A detailed action plan is created with clear person in charge 
and due date. 
After three months, team and board of management spend 
one week in full time taking a Gemba walk in order to evaluate 
the results. In general, there is a good improvement in 
throughput time from 7.5 days from 3 days for the same order 
as shown on Fig 14. The number of operators decrease 40% 
(from 29 to 17 operators) with the same output (700 pcs/day) as 
shown on Fig 15. Average cycle time decreases 40% and saves 
30% space. 
 
4. Conclusions 
The proposed methodology gives a detailed, systematically 
approach to reengineering production line. Lean tools are 
intentionally applied in each step. Students can apply this 
methodology to enhance their knowledge (work design, layout 
design, decision making techniques…). Assembling factories 
can also apply this methodology in order to reengineering their 
production line. It depends on demand and financial ability, we 
can skip some steps which are currently not necessary. 
However, there are some disadvantages which can be 
improved: 
 Time spending for basic analysis is quite short (2 weeks). It 
is not enough for observing all aspects in order to set detailed 
plan. Because of some not good analysis, it is difficult to move 
forward to next step, or it may change completely initial 
concept.  
All members of the team have different level of layout 
design knowledge. It makes a lot of difficulties in discussion. 
There should be a training course on layout design for project 
team in advance.  
The project team members come from different functions, so 
there should be explain clearly for them the method, target of 
the project in order to put them into the same page of 
understanding. The project facilitator should just guide and 
support the team how to generate ideas and make decisions, 
should not do all for them. It is the key to success, because they 
are the ones who will maintain, continuously improve and give 
sustainable development of production line in the future. 
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Fig 12. One of candidate layouts and its material flow 
 
Fig 13. The winner layout 
Fig 15. Number of operators from 2012 to 2013 
Fig 14. Monthly through put time result 
